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(54) Composition suitable as fertilizer containing sulphur as a polythionlc acid compound or a 
salt thereof 

(57) The invention relates to a composition suitable 
as fertilizer, comprising elements of nitrogen, phospho- 
rus, potassium, calcium, magnesium and sulphur, 
wherein the elements are present in high concentra- 
tions. Furthermore, the sulphur is present in the form of 
polythionic acid compound with the general formula 
H 2 S n 0 6 or an ammonium, sodium, potassium, cal- 
cium or magnesium salt thereof. 
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Description 

[0001] The invention relates to a composition suitable as fertilizer, which composition comprises the elements nitr - 
gen phosphorus, potassium, calcium, magnesium and sulphur, the elements being present in high concentrations. 
[0002] Sulphur is one of the many elements essential for plant growth. Sulphur, like nitrogen, phosph w pM 
calcium and magnesium, is a macro nutrient which must be available in relatively large amounts for goal plant growth 
[0003] Over the past years interest in sulphur as plant nutrient has increased consKferably. partly because reports of 
sulphur deficiency over the whole world are becoming more frequent. 
[0004] The main reasons for the more frequent occurrence of sulphur deficiency are: 

1 An increased use of virtually sulphur-free high analysis fertilizers. 
Z Increased crop yields, increasing the withdrawal of plant nutrients such as sulphur, from the so. 
3^ The reduction of fuels with a high sulphur content and greater emphasis on the control of air pollution, reducing 
this atmospheric source of plant nutrient sulphur, 
is 4. A reduced use of sulphur as fungicide and insecticide. 

r00051 There are numerous material available which may be used as sources of plant nutrient sulphur the large 
majority being sulphuric acid salts, although elemental sulphur itself is. of course, the most concentrated sulphur earner, 
in the sense that it can be used either as an additive to fertilizers, or be applied directly on its own 
20 M06] Over the past decade, the need for clear liquid concentrated fertilizers has risen signrf.cantiy, due to the 
iSsing ™ of so-called fertigation systems for a wide variety of crops. UquW fertilizers are defined as materials 
which contain one or more plant nutrients and are applied to the soil in liquid form. t ^ arMr ,„ 
[0007] Fertigation is the application of plant nutrients in irrigation water. Fertigation affords the possibhty of adapting 
Ih^ierTto the requirements of the plant, which increases the efficiency of the fertilizer and wh.ch is translated into 

Kpreal^e led to the realization of the need for developing the technology and optimizing *e efnaencyof rt» 
ducing the plant nutrient sulphur into liquid fertilizers. The preferred soluble sulphur compounds mod comma* used 
in liquid fertilizers are the sulphuric acid salts; although elemental sulphur is obviously the most concentrated and least 
<?n expensive form of sulphur , it is insoluble in all liquid fertilizers. 

SSSl oSK PaS few years, techniques have been developed for preparing stable suspensions of ^merrta^l- 
nhu7i fluids including clear solutions; such suspensions in clear liquid fertilizer formulations cannot applied wecM*- 
SySiS^lS ^plication equbmera because of the possibility otWc^gert 

[0010] Furthermore, fertigation will usually require fertilizer compositions wrth the correct ratio between M 
S nutrients, including sulphur. In that case the sulphur carrier nuist be physically and chemically ^ 
other components arxl must deliver its sulphur cortem to the soil inaformwh.ch.s^ 
noil] ^swell-known that phosphorus and calcium cannot be mixed without limit they form 
too high a P H, moreover, calcium and sulphur in the form of sulphate cannot be mixed at any practical concentration 

EJsSfor use in liquid fertilizers because of their so.utt.rty a* ^ 
cium. However, certain precautions should be kept in mind when using thiosulphates bquid ^ 1,zere ~ m P" s «»* 
Sum and phosphorus will require acidic solutions to pr*rent the formation of insoluble calcium phosphate, a cona- 
tion at which thiosulphates will decompose and elemental sulphur will separate. 
45 [001 3] For that reason, present commercial concentrate liquid fertilizers cannot combine all the 
ents in one single concentrate. As a result, in fertigation systems usually two separate concent 
nive to be prepared to prevent the formation of insoluble precipitates, which can only be mixed in tt* f inal end solution 
as if ietaten up bylie plants. Such a system will require two sets of storage tanks, pumps and injection ines and that 
^mT^T^m^mL due to the fact that at the end of the drip-feed lines the solubihty product .s 

ance with the present invention by the measure in which the formulation comprises the sulphur in the form of a polyth.- 
nnir acid comoound with the general formula H 2 S n 0 6 or a salt thereof. 

55 ^potassium, calcium, magnesium and sulphur. The polythionic acids combine all required physical van chemical 
nrorjerties makina them very suitable as the plant nutrient sulphur in liquid fertilizers. 

Kr^etomuE accLing to the invention possesses outstanding compatibility, that is to say solubility, in com- 
bination with alkaline-earth metals as well as good stability under acidic conditions. 
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[0017] Like the oxyacids of sulphur, polythionic acids are diabasic strong adds comprised by the general formula 
H 2 S n 0 6 , in which n takes the successive values 2, 3, 4, 5 and 6, although recent work has shown that n can have values 
as high as 60 in various sulphur sols. 

[0018] The polythionic acids are relatively stable in aqueous solutions being made by acidification of solutions of their 
5 salts. Normal salts of all acids wherein n = 3 - 6 are well characterized and stable, and various method for their prepa- 
ration are available. 

[0019] Dithionic acid, H 2 S n 0 6l although often associated with polythionic acids, is not ready related to them. Normal 
salts of the add are quite stable at room temperature and are also well characterized. They are usually prepared by oxi- 
dation of the corresponding metal sulphite or hydrogen sulphite of sulphur dioxide. For the remaining polythionic adds, 
10 in particular trithionic, tetrathionic, pentathionic and hexathionic acid, various methods of preparation are available for 
the slats, usually involving a spedf ic reaction. 

[0020] According to a preferred embodiment, the sulphur is present in the form of a salt of tetrathionic acid (H 2 S 4 0 6 ). 
[0021] The stability of the polythionic acids in aqueous solutions increases with lower pH values and higher sulphur 
content, but in general tetrathionic acid is the most stable of the polythionates, followed by pentathionic, trithionic, and 
is hexathionic acid. 

[0022] Thus, for example, a liquid concentrated fertilizer composed of the six major plant nutrients N - P - K - Ca - Mg 
- and S, using a polythionic add or salts thereof as the sulphur carrier, will remain stable and clear solutions at a wide 
pH range and for a prolonged period of time. Within this range the concentrated solution is preferably maintained at pH 
6 or below, and particularly preferably at pH 1 to 3, to a certain extent also depending on the calcium and phosphorus 
20 content of the fertilizer concentrate. Adds such as sulphuric acid, nitric acid and phosphoric acid may be useful in this 
regard. Mention may also be made of urea-phosphate and hydrochloric acid as suitable adds for maintaining the pH 
value within the preferred range. 

[0023] Preferred for use in the practise of the present invention are dithionic, trithionic, tetrathionic, pentathionic, and 
hexathionic acid or the salts thereof, most preferred is tetrathionic acid or the salts thereof, being the most stable and 
25 easiest to manufacture of the polythionic acids. 

[0024] According to another preferred embodiment the sulphur is present in the form of an ammonium, sodium, potas- 
sium, calcium or magnesium salt. 

[0025] The type of polythionic acid is not critical and may vary widely, however, the preferred types of cations are 
NaH + , NH 4 + , K + , Ca 2+ and Mg 2+ , which are suitable cations for use in plant nutrient solutions. 
30 [0026] According to yet another preferred embodiment, sulphur is present in the form of potassium tetrathionate. 
[0027] Aikalimetal salts are the most preferred for the practise of the present invention, but particularly preferred is 
the potassium salt. 

[0028] According to another feature in accordance with the present invention the formulation comprises extra micro 
plant-nutrients, such as manganese, zinc, copper, iron, boron or molybdenum and a mixture thereof. 
35 [0029] The invention also relates to a formulation wherein the formulation comprises the elements from claims 1 , 2, 
3, 4 and/or 5, wherein the formulation is in the form of a solid, 1 00% water soluble concentrate. 
[0030] K the formulation is in the form of a concentrate, a considerable saving in transport and storage costs can be 
realized. 

[0031 ] It is also possible to distribute the dry concentrate as such, thus without prior dissolution in water, over the soil ; 
40 the concentrate will then dissolve in situ, for example, when it rains or when the ground is being watered. 
[0032] The invention is explained in more detail by reference to the following, non-limiting examples. 

EXAMPLE 1 

45 [0033] A concentrated liquid fertilizer composition was prepared based on the following raw materials: 



H3P04 


(85%) 


44,0 g 


NH 4 N0 3 


(60%) 


73,8 g 


KOH 


(90%) 


20,4 g 


KNO3 


(98%) 


117,0 g 


Mg(N0 3 ) 2 


(32%) 


110,0 g 


Ca(N0 3 ) 2 


(50%) 


247.0 g 
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(continued) 



K 2 S 4 0 6 



(98%) 



17,8 g 



Mad up to 1 litre with water 



[0034] The ingredients were admixed together to yield a liquid fertilizer concentrate with the following composition in 
terms of plant nutrients: 



N-total 


58,80 g/l 


N-NH 4 


7,10 g/l 


N-N0 3 


51.70 g/l 


P 


11,72 g/l 


K 


60,00 g/l 


Ca 


30,00 g/l 


Mg 


6,60 g/I 


S 


7,50 g/l 



[0035] The concentrated solution which had a pH of 2.2, was filtered and subsequently stored for a period of 90 days 
25 at ambient temperature, after which it was observed that the solution has remained transparent with only a slight reduc- 
tion in pH to 2.05. 

[0036] Analysis of the freshly prepared liquid fertilizer compared to the same solution after 90 days of storage, using 
a paper chromatography method, showed that only a minor part of the tetrathionic acid was converted into tri and pen- 
tathionic acid, according to a generally well-known reaction: 

30 

2S 4 0 6 2+ -+S30 6 2 - + S50 6 2 -. 

EXAMPLE 2 

35 [0037] The concentrated liquid fertilizer as described in Example 1 was diluted to a concentration of 3.33 ml per litre 
water, yielding a plant nutrient solution which was subsequently used in growth tests and marked as solution A. 
[0038] The alkalinity of the dilution water, i.e. irrigation water, was 0.5 mMol CaC0 3 and the pH of the resulting end 
solution was 5.5. Two additional diluted control solutions were also prepared, with the same concentration of plant nutri- 
ents, however, from one of the solutions the sulphur was eliminated and marked as solution B, and the other contained 

40 sulphur in the form of sulphate, which was marked as solution C. The composition in terms of plant nutrients of each 
solution expressed in parts per million, is shown in Table 1 . 



Table 1 



50 



55 





Plant nutrient solutions 




Concentration plant nutrients (parts per million) 


Plant nutrient 


Solution A 


Solution B 


Solution C 


N-total 


196 


196 


196 


N-NH4 


25 


23 


33 


N-NO3 


171 


173 


163 


P 


39 


39 


39 


K 


200 


200 


200 


Ca 


100 


100 


100 


Mg 


22 


22 


22 
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Table 1 (continued) 







Plant nutrient solutions 






Concentration plant nutrients (parts per million) 


5 


Plant nutrient 


Soluti nA 


Solution B 


Solution C 




S 


25 

(tetrathionate) 


0 


25 

(sulphate) 




PH 


5,5 


5,5 


5,5 


10 


Electroconductivity 


1 ,6 mS/cm 


1,4 mS/cm 


1,7mS/cm 



[0039] To all three diluted fertilizer solutions the following micronutrients were also added: Mn 0.54 ppm, Zn 0.23 ppm, 
Cu 0.05 ppm, Fe 0.50 ppm All in the form of nitrates), B 0.3 ppm (as boric acid) and Mo 0.05 ppm (as ammoniummo- 
75 lybdate). 

[0040] Each solution was subsequently used in a growth test of a plant demanding a relatively much sulphur, water- 
cress (Nasturtium officinale N.O. Cruciferae), the leaves of this plant contain a pungent sulpho-nitrogenous oil. 
[0041] The seeds were germinated on an inert polyurethane foam agglomerate, which was allowed to absorb the 
nutrient solution (as shown in Fig. 1). 
20 [0042] The growth tests were carried out using solutions A, B and C; solution A had been made up from a freshly 
prepared concentrate as well as from a concentrate which had been stored for 90 days (marked as solution A1 and A2, 
respectively). 

[0043] Approximately 45 days after germination of the seeds, the cultivated plant material was harvested and ana- 
lyzed for the following plant nutrients: N, P, K, Ca, Mg and S as well as the additional micronutrients. 
25 [0044] The results of the analysis are shown in Table 2. 

[0045] The results clearly show the effectiveness of the polythionate anion to be assimilated by the plant roots and to 
be converted into sulphate in the plant. 



Foliar analysis of watercress grown in nutrient solutions as shown in Table 1 


Solution 


Elements (%) 




N 


P 


K 


Ca 


Mg 


S* 


Mn 


Zn 


Cu 


Fe 


B 


Mo 


A1 


4,6 


0,80 


5,20 


2,20 


0,25 


0,48 


0,0158 


0,0040 


0,0012 


0,0130 


0,0037 


0,0004 


A2 


4,7 


0,72 


5,40 


2,00 


0,28 


0,44 


0,0178 


0,0032 


0,0016 


0,0150 


0,0046 


0,0006 


B 


4,6 


0,77 


5,50 


2,00 


0,24 


0,0032 


0,0136 


0,0052 


0,0010 


0,0180 


0,0032 


0,0006 


C 


4,8 


0,74 


5,20 


2,30 


0,22 


0,44 


0,0166 


0,0044 


0,0018 


0,0155 


0,0050 


0,0006 



* analyzed as S0 4 ' 
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EXAMPLE 3 

[0046] A fertilizer concentrate, as described in Example 1, was prepared with a 5 times higher sulphur content, to 
establish a possible toxicity limit. The concentrate was based on the following raw materials: 



H3P04 


(85%) 


44,0 g 


NH 4 N0 3 


(60%) 


105,4 g 


KOH 


(90%) 


20,4 g 


KNO3 


(98%) 


67,2 g 


Mg(N0 3 ) 2 


(32%) 


110,0g 
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(continued) 



5 



Ca(N0 3 ) 2 
K 2 S 4 0 6 


(50%) 
(98%) 


247,0 g 
89,0 g 


Made up to 1 litre with water. 



[0047] The ingredients were admixed together in the same manner as described in Example 1 and subsequently 
diluted to a concentration of 3.33 ml per litre of water, yielding a diluted plant nutrient solution with a pH of 5.4 (solution 
w A). An additional diluted solution of the same composition, but containing sulphur in the form of sulphate, was also pre- 
pared (solution B), see Table 3. 



TABLE 3 



Plant nutrient solutions 




Concentration (parts per million) 


Plant nutrient 


Solution A 


Solution B 


N-totaJ 


196 


196 


N-NH 4 


36 


48 


N-N0 3 


160 


148 


P 


39 


39 


K 


200 


200 


Ca 


100 


100 


Mg 


22 


22 


S 


125 


125 




(tetrathionate) 


(sulphate) 


pH 


5.4 


5,4 


Electroconductivity 


2,2 mS/cm 


2,2 mS/cm 



[00481 Both solutions were used as nutrient solutions in the watercress growth test as described in Example 2, adding 
the same amounts of micronutrients. During the subsequent growth tests no phytotoxic phenomena were observed and 
plants from both solutions showed virtually identical growth. 

[0049J The results of the analysis of the harvested plant material are shown in Table 4. 
40 [0050] The results also demonstrate that the assimilation of the plant roots is very similar for sulphate and polythion- 
ate. 



TABLE 4 



Foliar analysis of watercress grown in solutions as shown in Table 3 


Solution 


Elements (%) 




N 


P 


K 


Ca 


Mg 


S* 


Mn 


Zn 


Cu 


Fe 


B 


Mo 


A 
B 


4,3 
4.6 


0,72 
0,74 


5,60 
5,10 


2,40 
2,20 


0,20 
0,24 


0,93 
1,02 


0,0125 
0,0160 


0,0065 
0,0042 


0,0018 
0,0010 


0,0205 
0,0180 


0,0062 
0,0050 


0,0010 
0,0006 



* analyzed as S0 4 4 



55 EXAMPLE 4 

[0051] A concentrated dry, in water 100% soluble fertilizer was prepared, using the following raw materials: 
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CH 4 N20-H 3 P04 


(98%) 


8,64% 


NH 4 N0 3 


(97%) 


11,95% 


KN0 3 


(98%) 


30,16% 


Mg(N03) 2 -6H 2 0 


(99%) 


20.47% 


Ca(N03) 2 »4H 2 0 


(99%) 


26,15% 


K 2 $ 4 0g 


(98%) 


2,63% 






i66,0O% 



15 

[0052] The dry ingredients, all 100% water soluble, were admixed together to produce a dry fertilizer concentrate of 
the following composition in terms of plant nutrients: 



N-total 


13,25% 


N-NH 4 


1,24% 


N-organic 


1,55% 


N-NO3 


10,46% 


K 


12,15% 


Ca 


4,40% 


Mg 


1,90% 


S 


1,10% 



[0053] The dry formulation was stored for a period of 60 days at ambient temperature, after which it was dissolved in 
35 water (alkalinity 0.5 mMol) at a concentration of 200 g/l to simulate the preparation of a concentrated fertilizer stock 
solution. 

[0054] The thus prepared transparent stock solution was stored for another 60 days and during that period remained 
completely stable, without signs of precipitation. 

40 Claims 

1 . A composition suitable as fertilizer, comprising elements of nitrogen, phosphorus, potassium, calcium, magnesium 
and sulphur, the elements being present in high concentrations, characterized in that the formulation comprises 
the sulphur in the form of a polythionic acid compound with the general formula H 2 S n 0 6 or a salt thereof. 

45 

2. A composition according to claim 1 , characterized in that the sulphur is present in the form of a salt of tetrathionic 
acid (H 2 S 4 0 6 ). 

3. A composition according to claim 1 or 2, characterized in that the sulphur is present in the form of an ammonium, 
so sodium, potassium, calcium or magnesium salt. 

4. A composition according to claim 3, characterized in that the sulphur is present in the form of potassiumtetrathion- 
ate. 

55 5. A composition according to one of the preceding claims, characterized in that the composition comprises extra 
micro plant-nutrients, such as manganese, zinc, copper, iron, boron or molybdenum and a mixture thereof. 

6. A composition according to one of the preceding claims, characterized in that the composition is a concentrated 
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solution. 

A composition according to claim 6, characterized in that the solution has a pH of 1-3. 

A composition according to claim 7, characterized in that the pH is adjusted with the aid of a chemical such as 
phosphoric acid, nitric acid, sulphuric acid, hydrochloric acid or urea-phosphate. 

A composition, characterized in that the composition comprises the elements of claims 1 , 2, 3, 4 and/or 5, wherein 
the formulation is in the form of a solid, 100% water soluble concentrate. 

75 
20 
25 
30 
35 
40 
45 
50 
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